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FOREWORD 

This  Indian  Standard  was  adopted  by  the  Bureau  of  Indian  Standards,  after  the  draft  finalized  by  the 
Hydroelectric  Power  House  Structures  Sectional  Committee  had  been  approved  by  the  River  Valley 
Division  Council. 

Small  hydrodevelopment  has  been  taking  place  steadily  since  a  very  long  time,  where  encouraging 
factors  existed.  This  development  has  mostly  taken  place  in  remote  mountaneous  areas  to  meet  the 
local  energy  demand  and  in  the  plains,  through  development  of  canal  drops  wherever  found  attractive. 
The  cost  of  low  head/small  hydro-electric  schemes  depend  largely  on  the  civil  engineering  works,  hke 
dam,  water  conductor  system  and  power  house,  etc.  The  siting  of  low  head  hydro-electric  schemes  on 
large  irrigation  canal  offer  a  good  scope  to  utilize  the  falls  on  the  canal  for  generation  of  electricity 
more  economically. 

For  the  purpose  of  deciding  whether  a  particular  requirement  of  this  standard  is  complied  with,  the 
final  value,  observed  or  calculated,  expressing  the  result  of  a  test  or  analysis,  shall  be  rounded  off  in 
accordance  with  IS  2:  1960  'Rules  for  rounding  off  numerical  values  ( revised  y.  The  number  of 
significant  places  retained  in  the  rounded  off  value  should  be  the  same  as  that  of  the  specified  value  in 
this  standard. 
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1  SCOPE 

1.1  This  standard  lays  down  the  guidelines  for 
the  selection  of  hydro  turbine,  preliminary 
dimensioning  and  layout  of  sm^all,  mini  and 
micro  hydroelectric  power  houses. 

1.2  It  is  presumed  that  the  data  with  regard  to 
design  head,  design  discharge,  number  and 
types  of  units  and  capacity  are  known.  Depar- 
ture from  these  guidelines  may  be  necessary  to 
meet  the  special  requirements  and  conditions  of 
individual  site. 

2  REFERENCE 

IS  4410  (  Part  10  )  :  1987  'Glossary  of  terms 
relating  to  river  valley  projects  :  Part  10  Hydro- 
electric power  station  including  water  conductor 
system  (^  first  revision  )'  is  a  necessary  adjunct  to 
this  standard. 

3  TERMINOLOGY 

3.0  For  the  purpose  of  this  standard  the  defini- 
tions given  in  IS  4410  (  Part  10  )  :  1988  and  the 
following  shall  apply. 

3.1  Maximum  Net  Head 

The  gross  head  difference  in  elevation  between 
the  maximum  head  water  level  and  the  tail  water 
level  with  one  unit  operating  at  no  load  speed 
minus  losses. 

3.2  Minimum  Head  (  Hvnu  ) 

The  net  head  resulting  from  the  difference  in 
elevation  between  the  minimum  head  water 
level  and  the  tail  level  minus  losses  with  all 
turbines  operating  at  a  specified  gate  opening. 

3.3  Rated  Discharge 

It  is  the  volume  in  ms/second  of  water  requir  ed 
by  the  turbine  to  generate  rated  output  while 
operating  at  rated  head  and  speed. 

3.4  Rated  Speed 

The  speed  in  revolutions  per  minute  at  which 
the  turbine  operate  to  generate  the  rated  output 
under  the  rated  head  and  discharge  at  a  speci- 
fied gate  opening. 


3.5  Rated  Turbine  EflSciency 

The  efficiency  obtained  at  the  rated  head  and 
rated  discharge  to  obtain  rated  output. 

3.6  Rated  Turbine  Output 

The  mechanical  power  delivered  by  the  turbine 
shaft  to  generate  rated  output  at  generator 
terminals.  It  is  given  by: 

Pi  =  — ^  '    1  000*  '^*'  "«  ^"  kilowatt 

where 

Y(o  =  specific  weight  of  water  in  N/m^, 

Htr  =  rated  turbine  efficiency, 

i/r  =  rated  head  in  metres, 

Qr  =  rated  discharge  in  m'/sec,  and 

ria  =  efficiency  of  speed  increaser,  if  used. 

NOTE  —  For  calculating  the  output  at  generator 
terminal  efficiency  of  generator  and  speed  increaser, 
if  applicable,  shall  be  taken  into  account. 

4  TYPE  OF  SMALL  HYDROELECTRIC 
POWER  STATIONS 

4.1  The  small  hydroelectric  power  stations  are 
generally  classified  into  the  following  types: 


Size 

Unit  Size 

Micro 

Up  to  100  kW 

Mini 

101  to  1  000  kW 

Small 

1  001  to  5  000  kW 

4.2  Head 

For  the  purpose  of  this  standard,  following 
classification  is  adopted  as  regards  hydraulic 
head  under  which  the  turbine  will  operate. 

Medium/High  head      Above  40  metres 
Low  head  Less  than  40  metres 

Ultra  low  head  Below  3  metres 


1 
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5  CLASSIFICATION  OF  TURBINES 

5.1  General 

The  net  head  available  to  the  turbine  dictates 
the  selection  of  type  of  turbine  suitable  for  use 
at  a  particular  site.  The  rate  of  flow  determines 
the  capacity  of  the  turbine.  Hydraulic  turbines 
have  two  general  classifications  (  impulse  and 
reaction  ). 

5.1.1  Impulse  Turbine 

It  is  classified  as  Pelton,  Turgo  Impulse  and 
Cross-flow.  Pelton  turbine  .may  be  niounted 
either  horizontally  or  vertically. 

5.1.2  Reaction  Turbine 

It  is  classified  as  Francis  ( mixed  flow )  or  Prope- 
ller (  axial  flow  ).  Propeller  turbines  are  with 
both  fixed  blades  and  variable  pitch  blades 
(  Kaplan  ).  Both  propeller  and  Francis  turbines 
may  be  mounted  either  horizontally  or  vertically. 
Additionally,  propeller  turbine  are  designed  as 
tube,  bulb  and  rim  type. 

5.2  Impulse  Turbine 

5.2.1  Turgo  Impulse! Pelton  Tuf bine 

It  has  one  or  more  free  jets  discharging  into  an 
aerated  space  and  impinging  on  the  buckets  of  a 
runner.  In  Turgo  impulse,  the  jet  impinges  on 
several  buckets  continuously  whereas  only  single 
bucket  per  jet  is  effective  at  any  instant  in  Pelton 
wheel.  These  may  be  mounted  horizontally  or 
vertically.  . 

5.2.2  Cross  Flow  Turbine 

It  is  an  impulse  turbine  with  partial  air  admis- 
sion. These  are  also  called  Banki  turbines. 

5.3  Reaction  Turbine 

5.3.1  Francis  Turbine 

It  has  a  runner  with  fixed  vanes  to  which  the 
water  enters  the  turbine  in  a  radial  direction 
with  respect  to  the  shaft  and  is  discharged  in  an 
axial  direction.  Steel  plate/concrete  water  supply 
case  or  open  flume  are  used.  Francis  turbines 
may  be  mounted  with  vertical  or  horizontal 
shafts.  ;  . 

5.3.2  Propeller  Turbine  - 

It  has  a  runner  with  blades  in  which  water  passes 
through  the  runner  in  an  axial  direction  with 
respect  to  the  shaft.  The  pitch  of  the  blades  may 
be  fixed  or  movable.  The  conventional  propeller 
of  Kaplan  (  variable  pitch  blade  )  turbine  are 
mounted  with  a  vertical,  horizontal  or  slant 
shaft. 

5.3.3  Tubular  Turbine 

It  IS  horizontal  or  slant  mounted  with  propeller 
runner.  The  generator  is  located '  outside  of  the 


water  passageway.  These  are  equipped  with  fixed 
or  variable  pitch  runners  and  with  or  without 
gates  assemblies. 

5.3.4  Bulb  Turbine 

It  is  a  horizantal  unit  which  have  propeller 
runners  generally  directly  connected  to  the  gene- 
rator. The  generator  is  enclosed  in  a  water  tight 
enclosure  (bulb  )  located  m  the  turbine  water 
passageway.  This  is  available  with  fixed  or 
variable  pitch  blades  and  with  or  without  a 
wicket  gate. 

5.3.5  Rim  Type  Turbine 

It  is  the  one  in  which  generator  rotor  is  mounted 
on  the  periphery  of  the  turbine  runner  blades.  It 
is  known  as  striaght  flow  turbine  also,  it  is  a 
small  bulb  upstream,  which  houses  the  bearing. 
It  IS  a  horizontal  unit. 

6  CRITERIA  FOR  SELECTION  OF 
HYDRAULIC  TURBINE 

6.1  Standardized  Turbine 

Type  of  turbines  is  selected  from  techno-econo- 
mic  considerations  of  generating  equipment, 
power  house  cost  and  relative  advantages  of 
power  generation.  Most  of  the  manufacturers 
have  developed  standardized  turbine  designs 
which  may  be  effectively  employed.  Standard 
design  may  lead  to  cheaper  and  quicker  cons- 
truction. The  factors  given  in  6.2  to  6.10  shall 
determine  the  type  of  turbine  to  be  used  for  any 
site  conditions. 

6.2  Head 

Maximum  net  head  acting  on  the  turbine  is  one 
of  the  most  important  criteria  dictating  type  of 
turbine  to  be  used  for  the  power  station  under 
consideration.  Normal  range  of  maximum  net 
head  with  respect  to  power  output  for  each  of 
the  type  of  turbines  is  given  in  Fig.  1. 

In  overlapping  head  ranges  more  detailed  analy- 
sis need  to  be  carried  out  with  a  viewto  optimize 
costs  for  selecting  exact  type  of  turbine. 

6.3  Head  Variations 

Performance  of  the  turbine  is  ideal  at  design 
head.  Turbine  efiiciency  falls  at  head  higher  and 
lower  than  the  design  head.  Normal  range  of 
head  variations  for  various  type  of  turbines  is 
given  in  Table  1 

6.4  Load  Variations 

Turbine  efBciency  varies  with  load.  Necessity  of 
operating  turbine  at  part  loads  influences  choice 
of  turbines  in  the  overlapping  head  ranges. 
Minimum  load  uptb  which  the  turbine  may  be 
operated  without  undue  cavitation  and  vibration 
■is  dictated  by  type  of  turbine  and  is  given  in 
Table  1. 
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Fig.  1  Summary  Chart  of  Commercially  Available  Turbines 

Table  1    Turbine  Performance  Characteristics 

(  Clauses  6.3  and  6.4  ) 


Tnrbine  Type 


I    IMPULSE 

i)  Turgo  Impulse 
ii)  Pelton 
iii)  Cross  flow 
II    REACTION  (  MIXED  FLOW  ) 
i)  Francis  horizontal 
ii)  Francis  vertical 
iii)  Francis  open  flume 
III    REACTION  (  AXIAL  FLOW  ) 
i)  Vertical  fixed  blade  propeller 
ii)  Vertical  adjustable  propeller  (  Kaplan  ) 

iii)  Tubular  with  adjustable  blades  and  fixed  gates 
(  Horizontal  Kaplan  ) 

iv)  Tubular  fixed  blade  with  wicket  gates  (  Hori- 
zonlal  propeller  ) 

v)  Bulb  (  Horizontal  propeller  ) 

vi)  Rim  (  Horizontal  propeller  ) 


Head  Appli- 
cation  fm) 

Min        Max 

Head  Variation 

(%) 

Min        Max 

Load  Variation 

(%) 

-^ , 

Mtn          Max 

40 

200 

90 

110 

40 

115 

100 

500 

90 

10 

40 

115 

1 

200 

60 

125 

30 

115 

10 

250 

65 

125 

60 

115 

10 

250 

65 

125 

60 

115 

2 

8 

90 

110 

50 

115 

2 

25 

85 

100 

80 

115 

16 

40 

65 

125 

40 

115 

2 

25 

75 

115 

75 

115 

25 

25 
25 


85 

50 
65 


110 

140 
125 


85 

30 
85 


115 

115 
115 
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6.5  EfiBciency 

Efficiency  curves  with  respect  to  load  variations 
for  each  type  of  turbine  is  given  in  Fig.  2.  To 
find  out  the  approximate  efficiency,  determine 
the  throat  diameter  from  Fig.  3  and  4  and  find 
the  size  step  up  factor  in  the  bottom  curve,  if 
required.  Add  this  value  to  the  rated  efficiency 
values  given  for  the  appropriate  turbine  type  to 
find  out  approximate  value  of  efficiency. 
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Tl/RBINE  THROAT  DIAMETER  (m) 

EFFICIENCY   SIZE    STEP   UP 

a  =  Variable  pitch  propeller  turbine  with  wicket  gates 

b  =  Variable    pitch  propeller    turbine    without    wicket 
gates 

c  =  Fixed  blade  propeller  turbine  with  wicket  gates 

d  =  Fixed  blade  propeller  with  fixed  gates 

e  =  Impulse  turbine 

/  =  Cross  flow  turbine 

NOTES 

1  Yjt.r  =  Turbine  efficiency  at  rated  output  (  Pr  ) 
and  head  (  hr  ). 

2  The  values  shown  are  typical  for  a  turbine  with 
300  mm  diameter  runner.  The  values  shown  in  the 
size  step-up  curve  may  be  added  to  the  vjt.r  values  for 
larger  units.  Values  apply  for  Francis,  fixed  and 
variable  pitch  propeller,  tube,  bulb  and  rim  turbine. 
Do  not  apply  step-up  on  impulse  or  cross  flow 
turbine. 

Fig.  2   Turbine  Efficiency  Curves 

6.6  Turbine  Setting  and  Excavation  Requirement 

Setting  of  reaction  turbine  with  reference  to 
minimum  tail  water  is  dictated  by  requirement 
from     cavitational     considerations.  In    general 


cavitation  co-efficient  for  .Francis  turbines  is 
much  lesser  than  that  for  propeller  turbines 
necessitating  relatively  lesser  submergence  and 
excavations  for  Francis  turbine.  Impulse  turbine 
are  installed  above  maximum  tail  water  level 
thus  cavitation  free  and  requiring  minimum 
excavation  costs. 

The  recommended  allowable  turbine  setting 
above  tail  water,  i.e.,  draft  head  (z)  is  given  as: 


Z  =   Fa  —  Fv  —  ffif  r 


where 


H^  =  atmospheric  pressure   head,  in  metre, 
at  plant  elevation; 

Hv  =  vapour  pressure  m    metre,    at  plant 
location  temperature; 

a  =  thoma  coefficient  also  known  as  plant 
sigma;  and 


H, 


50  327 

where  Ws  as  defined  in  clause  6.7. 


6.7  Specific  Speed 

Higher  specific  speed  of  turbine  results  in  higher 
speed  of  rotation  for  generator  with  consequent 
reduction  in  cost  of  generator.  This  criteria  is 
very  important  for  dictating  type  of  turbines 
from  cost  consideration  in  the  overlapping 
head  ranges.  The  range  of  ratio  of  speed  and 
specific  speed  for  various  types  of  commercially 
available  turbines  as  given  by  the  following 
equation: 

where 

n  =  rotational  speed  of  turbine   in  revolu- 
tions per  minute; 

ris  =  specific  speed  of  turbine; 

Pj  =-  rated  turbme  output  in  metric  horse 
power  (  equivalent  to  =  0-986  3  horse 
power  )  at  full  gate  opening. 

6.7.1  Runner  Diameter 

The  actual  runner  size  is  determined  by  the 
manufacturer  in  accordance  with  model  tests 
and  design  criteria.  For  estimating  purposes 
following  formula  can  be  used. 

6.7.1.1  Francis  turbine 

93  =  0-021 1  ( «s  y/3 

Runner  diameter,  D  = 


84-6  gg  (H,)i/^ 
n 


where 


0s  is  the  velocity  ratio  at  discharge  diameter 
of  runner. 
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6.7.1.2  Propeller  turbine 

es  =  0-023  3  (  «s  )*/3 
and  Runner  dia, 


D  = 


84-6e3(ifr)i/2 


6.7.1.3  Impulse  turbine 
d 


03  -^  =  0-001  9  «s 


where 

d  =  diameter  of  jet 


D  = 


84-6  83  (  Hi  y^ 


Practical  values  of-^  =  0*04  to  0-1 
Normal  diameter  ratio  is  =  0-055  5. 

6.8  Pressure  Rise  and  Speed  Regulation 
Considerations 

This  aspect  is  more  important  in  isolated  system 
because  inertia  of  small  hydro  machine  is  low. 
Low  governor  closmg  tinre  for  better  speed 
regulation  may  be  achieved  by  installing  pressure 
relief  valves.  Speed  regulation  could  also  be 
improved  installing  a  flywheel.  In  units  under 
micro  range,  electronic  controllers  for  speed 
regulation  with  phantom  loads  may  be  consi- 
dered. Pressure  rise  and  speed  rise  may,  there 
fore,  be  limited  to  vary  economic  levels  in  case 
of  Pelton  turbines  without  increasing  the  cost 
of  turbine. 

6.9  Maintenance  Considerations 

In  hydraulic  turbines  guide  vanes/nozzles  and 
runner  blades  are  most  critical  components 
which  get  damaged  by  cavitation  and  silt.  Tur- 
bine may  be  designed  to  enable  replacement  of 
all  the  runner  blades  without  dismantling  gene- 
rator and  top  cover.  Francis  turbines  shall  be 
designed  having  a  feature  of  removing  and 
replacing  the  runner  without  dismantling  gene- 
rator and  top  cover. 

6.10  Choice  of  turbine  is  normally  dictated  by 
maximum  operating  net  head  consideration, 
detailed  in  6.2.  Incase  of  overlapping  head  range 
where  two  types  of  turbines  may  be  considered 
suitable,  more  detailed  analysis  in  consultation 
with  manufacturer  need  to  be  carried  out  when 
a  number  of  factors  are  favouring  different  types 
of  turbines. 

6.11  Small  output  unit  up  to  approximately 
100  kVA  may  be  belt  driven  or  directly  coupled 
to  synchronous  generator.  A  propeller  with  fixed 
runner  and  fixed  guide  vanes  is  used  where  con- 
tinuous intermittent  full  load  discharge  at 
constant  head  is  available. 


7  DIMENSIONS  OF  TURBINE/ GENERATOR 

7.0  Turbines 

7.1  Reaction  Turbines ' 

The  size  of  the  reaction  turbines  may  be  estima- 
ted after  the  capacity  and  effective  head  have 
been  estimated.  The  primary  dimension  of  a 
turbine  is  the  throat  1  diameter,  D.  Fig.  3  shows 
the  approximate  throat  diameter  of  Francis 
turbines  both  vertical  and  horizontal.  Fig.  4 
shows  the  approximate  throat  diameter  for  pro- 
peller turbines  and  may  be  used  for  both  fixed 
and  variable  pitch  blade  units,  tubular,  bulb  or 
rim  types.  The  dimensions  of  tubular  units  are 
shown  in  Fig.  i.  Otherdimensions  of  the  turbine 
may  be  found  out  from  Fig.  6  to  1 1  on  the  basis 
of  throat  diameter  D.  Actual  dimensions  vary 
with  manufacturer  and  should  be  obtained  from 
the  manufacturers  for  final  sizing. 

7.2  Impulse  Turbines 

Dimensions  of  these  turbines  are  not  provided. 
Manufacturers  should  be  contacted  and  dimen- 
sions requested  when  application  is  suitable  for 
these  types  of  turbines. 

7.3  Generator 

The  turbine  choice  will  dictate  the  size  of  gene- 
rators, its  orientation,  capacity  and  speed.  Speed 
of  low  speed  turbines  is  normally  increased  by 
speed  increasers.  Fig.  6  to  11  show  the  approxi- 
mate dimensions  of  vertical  synchronous  gene- 
rators rated  at  3  300  volts.  Actual  dimensions 
should  be  obtained  from  the  manufacturers. 

8  POWER  PLANT  AUXILIARY  EQUIPMENT 
AND  APPURTENANT  FACILITIES 

8.1  Space  is  to  be  provided  in  a  power  house  for 
the  following  auxiliary  equipment  and  appurte- 
nant facilities  as  required: 

a)  Turbine  governor  and  shut  off  valve, 

b)  Generator  breakers, 

c)  Unit  and  auxiliary  power  transformers, 

d)  Control  cubicle  and  relaying  equipment, 

e)  Neutral  grounding  cubicle  and  surge  pro- 
tection, 

f )  Station  battery, 

g)  Cooling  water  system, 

h)  Drainage  and  dewatering  system, 

i)  Ventilation, 

j )  Fire  extinguishers, 

k)  Compressed  air  system,  and 

1)  Temporary  or  permanent  crane. 
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NOTES 

1  Estimated  turbine  runner  diameters  D  are  based  upon  a  plant    elevation  of  600  m  and  a  tailwater  height 
(  Hb  )  of  zero,  where  Hs  =  Distance  from  mean  water  level  to  exit  of  runner  blade. 

2  The  estimated  runner  diameters  may  be  used  for  both  vertical  and  horizontal  Francis  turbines. 

3  For  plant  elevations  higher  than  600  m  add  1%  to  D  for  each  300  m.  Subtract  1%  from  U  for  each  300  m 
lower  than  the  600  m  plant  elevation. 

Fig.  3    Francis  Turbine  Runner  Diameters 


9  DIMENSIONS  OF  THE  POWER  HOUSE 

9.1  General 

The  distinguishing  feature  between  indoor,  semi- 
outdoor  and  outdoor  hydroelectric  plants  is 
basically  the  type  of  weather  protection  affor- 
ded to  the  generator  and  erection  area.  The 
main  equipment  items  which  may  be  placed 
either  indoor  or  outdoor  would  be  the  generator, 
generator  breaker,  power  transformer  and 
crane. 

9.2  Power  House 

There  are  generally  three  areas  in  a  power 
house,  area  for  the  turbine/generator,  a  mainte- 
nance or  erection  area  and  a  service  area. 

9.2.1  The  main  area,  housing  turbine/generator, 
is  normally  the  central  area  round  which  the 
service  and  erection  areas  ztfi  positioned.  In 
multiple  unit  installation,  the  service  areas  may 


be  either  at  one  end  of  the  plant  or  grouped 
around  each  unit.  The  arrangement  will  depend 
on  the  site  characteristics.  A  similar  determina- 
tion shall  be  made  for  the  erection  areas. 

9.2.2  Within  the  turbine/generator  area,  walls 
should  be  at  least  3  metres  from  the  turbine/ 
generator  on  those  sides  from  where  access  for 
maintenance  purposes  is  required.  The  ceiling 
height  for  any  interior  area  shall  be  carefully 
co-ordinated  with  the  height  of  the  equipment 
to  be  located  or  removed  during  normal  main- 
tenance or  replacement  of  any  part  of  the  main 
generating  unit  and  its  supporting  equipment. 

9.2.3  The  erection  area  is  normally  determined 
by  providing  an  area  for  each  individual  part 
which  may  be  removed  during  an  overhaul 
period.  Vertical  clearance  requirements  should 
be  determined  by  consideration  of  not  only  the 
turbine/generator   equipment  but  also  the  main 


service  facilities,  it  may  be  necessary  to  djis- 
assemble  the  main  transformer  or  remove  the 
transformer  bushings  for  Temoval  from  the  plant 
-area. 

10  GENERAL  LAYOUT 

10.1  Vertical/Propeller  Unit 

An  area  shall  be  available  downstream  from  the 
impunement  to  accommodate  the  larger  site 
requirements  of  a  Francis  turbine.  This  type  of 
turbine  may  be  used  either  in  an  indoor  or 
outdoor  plant,  depending  on  site  conditions. 
Propeller  turbine  installations  may  be  easily 
-adapted  to  canal  side  (  see  Fig.  6  and  7  ). 

10.2  Horizontal  Francis  Turbine 

For   small   turbines,  those   having   throat   dia- 
meters   less  than  1-2  m,   there  may  be   a  cost 
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advantage  in  using  a  Francis  type  with  a  hori- 
zontal shaft.  The  arrangement  of  penstock, 
discharge  and  gaierator  may  be  simpler  than 
those  for  a  vertical  shaft  unit  (  see  Fig.  8  ). 

10.3  Opeo  Flume  Coofigaration  —  Francis  or 
Propeller 

A  Francis  turbine  may  be  used  in  flume  or  canal 
at  an  existing  drop  or  vertical  discontinuity  in 
the  flume  or  canal.  Penstocks  are  not  used  with 
this  type  of  configuration  (  see  Fig.  9  ). 

10.4  Tubular  Turbine 

A  tubular  turbine  may  be  efliciently  located  to 
become  part  of  the  existing  outlet  works  and/or 
to  be  adjacent  to  the  existing  impoundment. 
This  type  is  easily  adapted  to  a  canal  installa- 
tion. Normally,  the  generator  will  be  housed 
within  a  building.  However,  it  is  feasible  to  have 
the  major  erection  or  overhaul  areas  outdoors 
(  see  Fig.  10  ). 


Ui 


5 
k 

3     - 


a     2 

o 


UI 

z 
m 
a. 

3 


o    0-5  - 
0-3   - 


1 

T 

— 1 1 1 — 1 1 

1 

>^^ 

- 

5^ 

<:S 

- 

s?^ 

^\^\. 

5 
3 

- 

[^•^ 

^ 

>:^^^ 

2 

VS  ' 

1 

0-1 

0-2 

0-3     0-A      0-5 

.,L... 

1              III 

1 1 

< 

O 


5  10  IS       20   2S    30  m 

Hn-TURBINE   EFFECTIVE   HEAD 


O 

P 
u 


u. 
u 


MINIMUM    TAILWATER 
FOR   NEGATIVE   Hj  -, 

t  DISTRIBUTOR 


TAILWATER  CORRECTION 
CURVE 


■•3-.2»>*0-1-2-3-t-5 
H,-TAILWATER  HEIGHT  (m) 


^MINIMUM  TAILWATER 
FOR  POSITIVE  Hs 

Hj- DISTANCE  FROM  MINIMUM 
TAILWATER  TO  D 


NOTES 

1  Estimated   turbine   runner  diameters  D  are  based  upon  a  plant  elevation  of  600  m  and  a  tailwater  height 
(  i/s  )  of  zero. 

2  The  estimated  diameters  may  be  used  for  Kaplan,  Propeller,  Tube,  Bulb  and  Rim  turbines. 

3  For  plant  elevations  higher  than  600  m  add  1%  to  D  for  each  additional  300  m.  Subtract  1%  from  D  for  each 
300  m  lower  than  the  600  m  plant  elevation. 

Fig.  4   Propeller  Turbine  Runner  Diameters 
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BASIC    DIMENSIONS 

A=RUNNER  DIAMETER  IN  mm  ALL 
OTHER  DIMENSIONS   ARE    IN 
PROPORTION  FROM  RUNNER 
DIAMETER 


A 
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B 

1700 

2100 

2500 

2800 

3000 

3500 

C 

10000 

12250 

1^500 

1600017750 

19800 

D 

2500 

3150 

3800 

4200 

4650 

5300 

E 

1200 

1500 

1800 

2000 

2200 

2500 

F 

3000 

375  0 

^,500 

5000 

5500 

6250 

G 

3200 

^000 

^800 

5400 

GOOD 

G600 

H 

145  0 

1800 

2150 

2400 

2650 

3000 

J 

1200 

1500 

1800 

2000 

2200 

2500 

K 

1950 

2450 

2950 

3200 

3550 

4000 

L 

1000 

1250 

1500 

1700 

1900 

2200 

M 

1250 

1500 

1800 

2000 

2300 

2600 

N 

3700 

4500 

5400 

GOOO 

6500 

70  do 

NOMENCLATURE 

1. RUNNER      2. MAIN  INLET  VALVE 

3.  VALVE    SERVO    MOTOR 

4.  STAY  VANE.  5.RUNNER  CHAMBER 
6. TURBINE  BEARING.  7.  SHAFT 

8.  DRAIN  TUBE.  9.SHAFTSEAL 
10.GEARBOX.H.GENERATOR 
12.GENERAT0R  BEARIN6 

13.  CONTROL  AND  PROTECTION  CUBICLE 

14.  NG  RESISTOR 
15.TERMINALB0X    16.LAVT  CUBICLE, 


o 
o 


Fig.  5    Typical  Dimensions  of  Tube  Turbine 
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SECTION     A 

Equipment 

1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Cooling  pumps 

8  Sump  pumps 

9  Atr  compressor  and  tank 

NOTES 

1  Arrangement  and  equipment  are  schematic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions. 

Fig.  6    Power  House  Layout— Vertical  Propeller/Francis  Turbine 
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SECTION-AA 

Equipment 

1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Cooling  pumps 

8  Sump  pumps 

9  Air  compressor  and  tank 
NOTES 

1  Arrangement  and  equipment  are  schematic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions. 

Fig.  7    Power  House  Layout  —  Vertical  Francis  Turbine,  Multiple  Units 


10 


IS  12800  (P«ft  3):  1991 


I 

<k  PENSTOCK 
__l  TURBINE  SHUTOFF 

^^  VALVE 


-STOP  LOG 


-;;;n^    SLOT        f 
■"       SUNiT 

TAILRACE-^ 


-A-n 


U  D  +37TD 


+ 
a 


STOP  LOG  HOIST 


^  /   / 


^v^--^ 


2-5  0 


50 


SECTION    A 

Equipment 

1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Cooling  pumps 

8  Sump  pumps 

9  Air  compressor  and  tank 

NOTES 

1  Arrangement  and  equipment  are  schematic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions. 

Fig.  8    Power  House  Layout  —  Horizontal  Francis  Turbine 
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SECTION  A 

1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Cooling  pumps 

8  Sump  pumps 

9  Air  compressor  and  tank 
NOTES 

1  Arrangement  and  equipment  are  schematic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions.^ 

Fig.  9    Power  House  Layout  —  Open  Flume  Turbine 
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SECTION    AA 


Equipment 


1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Speed  increaser 

8  Sump  pumps 

9  Pressure  set 

NOTES 

1  Arrangement  and  equipment  are  schematic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions. 

Fig.  10  Power  House  Layout  -  Tubular  Turbine,  Multiple  Units 
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10.5  Bulb  and  Rim  Type 

The  possible  configuration  for  either  the  bulb  or 
rim  turbine  are  similar  to  those  that  are  appro- 
priate for  the  tubular  turbine.  As  the  turbine 
and  generator  for  the  bulb  type  are  in  the  water 


passage,  the  enclosed  structures  above  the 
units  are  relatively  small,  unless  the  erection  and 
maintenance  area  are  enclosed.  Normally,  for 
units  less  than  5  MW  capacity,  these  types  are 
not  as  economically,  as  the  tubular  type, 
despite  the  smaller  povrer  house  (  see  Fig.  11  ). 
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SECTION  A 


Equipment 


1  Generator 

2  Turbine 

3  Governor 

4  Generator  breaker 

5  Control  panel 

6  Neutral  ground  cubicle 

7  Surge  and  protection  cubicle 

8  Sump  pumps 

9  Air  compressor  and  tank 
NOTES 

1  Arrangement  and  equipment  are  schemaxic. 

2  Layout,  equipment  and  dimensions  shown  may  vary  according  to  site  specific  power  plant  conditions. 

Fkj.  U  Power  House  Layout  —  Bulb  Turbine 
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